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1. Introduction

sc2is a new implementationof the Streams-Uanguageand compiler The Streams-Qorogrammingmodelis that of
communicatingprocesses.A systemconsistsof a collection of processeghat communicateusing streamsand signals
Processesanrun eitherin software on corventionalprocessorgSP)or in hardware on FPGA processorgHP). The sc2
compileris usedto compileFPGAprocessem hardware. Thecompilertranslates subsebf C into Register TransferLevel
(RTL) VHDL thatis synthesizablen FPGAs. The sc2 compiler synthesizehardware circuits for one or more FPGAs
aswell asa setof communicatingprocessesn corventionalprocessors.The languagesxtensionsallow pipelinedstream
computationsothatthe generatedhardware/softvareis capableof pipelininga computatioracrosamultiple FPGAsandthe
corventionalprocessar

Our programmingmodelis targetedat stream-oriente@PGA applications Characteristicef stream-orientedomputing
includehigh-data-ratdlow of oneor moredatasourcesfixed size,small streampayload(onebyte to oneword), compute-
intensie operationsusuallylow precisionfixedpointonthedatastreamaccesso smalllocalmemoriesholdingcoeficients
andotherconstantsandoccasionasynchronizatiorbetweercomputationaphases.

This sc2releaseprovideshardwarelibrariesfor the AnnapolisMicro SystemgAMS) Firebirdboard,which containsone
Xilinx Virtex-E FPGA on a 64-bit PCI bus. This manualdescribeghe Streams-Chardware library usedto facilitate the
hardwareinterfacebetweerthe Streams-Chardwareprocesseandthetargethardwareboard. It describedow to compilea
VHDL simulationof the hardwareprocesseandhow to generatean executablgbit stream)for the hardware.

1.1. Scope of this Reference Manual

The purposeof thisreferencenanualis to enablethe userto generate bit streamfor hardwareanddescribehehardware
interfacebetweerthe sc2generatedardwareprocesseandthe AMS Firebirdboard.It is assumedhe useris familiar with
VHDL or otherhardwaredescriptionanguages.

2. Streams-C Hardware Library Components

e HardwareStream«Components high bandwidthsynchronougommunications

StrmFifoWrite- softwareto hardwarefifo module

StrmFifoRead hardwareto softwarefifo module

StrmintraRead hardwareto hardwarestreamdifo module

StrmintraWrite- hardwareto hardwarestreamdifo module

Fifo16 - internalfifo usedin the streamfifo modules.

Fifo32 - internalfifo usedin the streamfifo modules.

Fifo64 - internalfifo usedin the streamfifo modules.

¢ HardwareSignalComponents low bandwidthasynchronousommunications
Sig_ Recv- softwareto hardwareprocesssignalreceve
Sig Send- hardwareto softwareprocessignalsend

¢ ExternalMemory Component 32-bitand64-bitmemories
ScMem - interfacefrom hardwareprocesgo the 64 bit memories
Sc.Mem4- interfacefrom hardwareprocesso the 32-bit externalmemory
(1) OnourFirebirdboardg/AnnapolisMicroSystemd-irebirdboardpn#12676-0000Rev A) we have experiencedoss
of dataintegrity whenmorethan500kwordsareread/writtento external32-bit memory mem4.
¢ Block RamComponents block rammemoryfor all Streams-Qlatatypes
ScBRAM - blockramsconnectedo hardwareprocesses



LAD64 _Mux_BlockRam64- AnnapolisVHDL modulefor 64-bit by 256 deep,dual port ram connectedo software
procesyia the LAD busandhardwareprocess.

LAD64 _Mux_BlockRam- AnnapolisVHDL modulefor 32-bit by 256 deep,dual port ram connectedo software
procesyia the LAD busandhardwareprocess.

¢ PipelineControlComponents
Indefinite- controlspipelinefor indefiniteloops(while)
Definite- controlspipelinefor definiteloops(for)

3. Functional Streams-C Hardware Library Description
3.1. Process Component

Theprocessnodulehastwo maincomponentsa datapattprocessandasequenceiThedatapattproces®ntity consistof
adatapattentity anda pipelinecontrolentity (if awhile or for loopis pipelinedwithin the process) Thesequenceis a state
machinefor sequencinghroughtheinstructionsetof the processmodule.If a streamsignal,externalmemory or blockram
is usedin the processthe signalinterfacefor thesecomponentss includedon the processmodules port. Seefigure 1.

3.2. Stream Components

The hardwarestreamcomponents usedfor high bandwidth,synchronousommunicatiorbetweerthe processesThese
areparameterizednoduleswith respecto dataregisterwidth andfifo depth. Datawidth canbe ary Streams-Qlatatypes.
Thefifo depthscurrentlyimplementedare 16, 32, and64. The moduleshave separatdata, Enableand Readysignalsas
shawn in figure 2 the Enableis aninput which meanghe dataon the input or outputportis valid. The Readyis anoutput
signalindicatingthemoduleis readyto receve data.

(I For hardwaresynthesiof streamsandsignals datatypesupto 32 bits aresupportedor hardware-to-softvareconnec-
tions. All the Streams-Qlatatypesaresupportedn the hardwarelibrary andcanbe usedfor hardware-to-hardwarestreams
andsignalconnections.

3.3. Signal and Parameter Components

Thehardwaresignalcomponents usedfor low bandwidth,asynchronousoordinationor flow controlbetweerprocesses.
Signalsareparameterizablwith respecto datawidth. Theconventionfor Enable ReadyandDatais shovnin figure2. The
Enableis aninputto the module,SigSendwhich meanghe dataon the input port is valid. The Readyis anoutputsignal
indicatingthe module,SigRecy hasvalid dataon the outputport.

The hardware parametecomponents usedfor passinga variablebetweenprocesseandto initiate a hardwareprocess.
Parametersreparameterizableith respecto datawidth. The moduleshave separat®ataandEnablesignals.The Enable
is anoutputthatmeanghe dataon the outputportis valid. A hardwareparameteis implementedasaninput signalby the
sc2compiler

4. Memory Interfaces
4.1. External Memory

When Memory is invoked in a hardware processjf a pragmadoesnot exist to indicatea memorytype, the compiler
defaultis 64-bitexternalmemory(Mem_0). Whenmemoryis usedtheportsfor addressgata,andenables MAR, MDR_IN,
MDR_OUT, RD_EN, WR_EN respectiley appeaion the hardwareprocessentity. They areconnectedhroughthe hardware
streamdibrary to the Firebird board. The hardwareprocesseandstreamsomponentgor externalmemory SC_Mem (64-
bit memories) SC_Mem4 (32-bit memory)connectto the Annapolishardwarewith a Mem64.Mux_Priority_IF component.
This Mem64Mux allows multiple connectiongo external memory- oneto connectto the LAD bus, allowing memory
to be loadedfrom the host, and one or more as neededto connectto hardware processes.The Mem64 Mux_Priority_IF



External Memory or Block RAM

Data
from
Stream Writer

» Data to
Stream Reade

Pipeline Control

Instructions

DataPath Component

Instruction
Sequencer Component

Process Component

Figure 1. Hardware Process Component

Data » > > Data
Stream Writer Stream Reade
Ready g Component p| Component p  Ready
Enable | g [ l<@—————  Enable
Producer Process Comsumer Process

Figure 2. Hardware Streams Component



. Streams-C Hardware . Annapolis Firebird Board Hardware
. Components | ! Components

|
. Process Component

External Memory - 64-bit

SC_Mem 3 | Mem64_Mux_Priority_IF |

< > <> Mem 0

3 ! 3 | Mem 1
' LAD64_Mux_IF LAD64_Mem64_Bridge |

LAD Bus | i - it ! Mem 2
Host <_> ¢ !
Load/Unload |

Mem 3

External Memory — 32 bit

e T ' Mem 4

Figure 3. Streams-C External Memory Interface

componentonnectgo the LAD64_Mem64Bridge componentvhich facilitatesloadingto externalmemoryvia the LAD
bus/PClbus. Dual port rams(64-bit x 256 wordsdeep)are containedwithin the LAD64_Mem64 Bridge componen{each
Bridgecomponenuses2 blocksof theVirtex Block RAM). The LAD64 _Mux_IF is the mux interfaceto the LAD buswhich
connectgo the PCI controllerandthe hostasshown in figure 3. The 32-bit externalmemory mem4,usesa separatesetof
Annapoliscomponents SC Mem4, Mem32Mux_Priority_IF, LAD64_Mem32Bridge, LAD64_Mux_IF. Figure4 describes
the externalmemorytypes.Also referencdstreamsc/apps/arch/Firebird.def

Note: TheStreams-Cexamplegestedusea LAD bus speedof 66 MHz per the AnnapolisPClI controller version2.8. The
LAD busis adjustableto either33MHzor 66MHzwith PCI contoller version3.0.

4.2. Block RAM

For local datastoragethe Streams-(ardwarelibrariesallow theuserto connecto block RAM in two ways: via astream
or a hostsoftwareprocesdoad/unloadcblock RAM data,exampleskmeansandbramlrespectiely. Seefigures6 and7 for
the Streams-Gardwareimplementatiorof block RAM.

Streams-Qusesa pragmastatemenfor selectionof a block RAM type. Seefigure 5 for the typesof block RAM the
Streams-Chardwarelibrary provides. (Thesetype definitionsarelocatedin /streamsc/apps/arch/Firebird.dd@he pragma
statemenfor a block ram type, B_K_, of size 64-bit x 256 is shavn belonv whereA is the nameof the arrayin the user
programandthe maximumsizeof A is 256. A readfrom block RAM canbeplacedin alocalvariableor in anoutputstream.
Thesestatementareidenticalto thoseusedfor externalmemory A write andreadwith respecto block RAM is equivalent
to thefollowing C statements:

sc_uint32 Al 256];

#pragnma SC nenmory B K 0 A

data = sc_streamread(input_stream;

Ai] data; //wite data to block ram

data = A[i]; //read fromblock ramand place in a variable, data



type | width (bits) size
memO0 64 1000000
mem1 64 1000000
mem2 64 1000000
mem3 64 1000000
mem4 32 500000

Figure 4. Streams-C External Memory Types

for(i=i-1; i>=0; i--)
sc_streamwite(output_stream A[i]);//read fromblock ramand place in output_stream

Thehardwarestreamdibrary componentshatsupportblock RAM load/unloadrom thehostareLAD64_Mux_BlockRam64
(64-bitx 256),and LAD64_Mux_BlockRam(32-hit x 256). Theselibrary componentsisedual portedRAM with oneport
connectedo the LAD busandthe otherport connectedo the hardware procesgort(s). For anexampleof how to loadand
unloadblock RAM from the hostsoftwareprocessreferencdahe streamsc/apps/branegkample.

Streams-@xpressesnemorylateng of aread(loadasthedelayafterthereadis issueduntil the datais availableon the
port's data-r@ister For example,a one-gcle latenyy meanghe datais availablethe cycle afterthereadis issued:

Lateng one:

tick 1 - setmarandenablebit

tick 2 - copy mdr into userregistet

With this definition, lateng is always at leastone. For the userwho wishesto definea new hardware target board,
read(load)ateng is thedelayrequiredfor thedatato beavailablein the port's data-rgjister For the AMS Firebirdboard,an
externalmemorywrite executesn onecycle, areadexecutesn 7 cycles. A memoryoptimizationcurrentlyin thecompiler
stallsthe datapattprocessvhenaread(load)s in progress.Thus,thelateng is 1 cycle for externalmemoryread(load)in
the Firebird.deffile. The Virtex-E chip executesa write anda readin onecycle usingblock RAM. The outputfrom block
ramis registeredsothereadlateng is currentlytwo cycles. See/streamsc/apps/arch/Firebimem.deffor definitionsof load
andstorelatencies.

(I Thefirst columnof thestreamsc/apps/arch/Firebird.dié¢ defineshenumberof typesthatareallocated.Thisnumber
mustbegreatethanone.For example,1] BLOCK_RAM1 MemoryB_A_sizel28,is anerroneoustatemensinceit allocates
1blockramoftypeB_A_. ThenameB_A_, causes syntaxerrorin genvhdl whenonly 1 typeis allocatedn the Firebird.def
file.

5. Using sc2

Thegenerated/HDL command,’make filenameall.vhd” generateshe following VHDL outputfiles: filenameall.vhd,
filenamearch.vhd. The filenameall.vhd file containsthe generated/HDL for the hardware processesvhich consistsof a
datapathsequencerandindefinite or definite hardwarelibrary componen(if afor or while loop exists) for eachhardware
processlefinedin the Streams-Qorogram filename.sd@ hearchitecturdile, filenamearch.vhd useshe Streams-Gardware
library to connectthe hardware processeandany externalmemoryor block ramto the targethardwareboard. This file is
specificto AMS Firebirdboard,but canbe modifiedto targeta userdefinedboard.(seesection8).

Thefollowing sectiondescribenow to compileaVHDL simulationusingModelSimPES5.5e,how to compilethe VHDL
projectfiles for synthesisandhow to generatea hardwarebit stream.

5.1. Tools Required

ModelsimPE5.5e

Xilinx CoreGen4.1i

Xilinx 4.1.03iTools

Synplify 7.0

AnnapolisVDHL version3.2
AnnapolishostAPI, version5.0.0



SinglePorttype | width (bits) | size
B_A_ 8 128
B_B_ 8 256
B_C. 8 512
B.D. 16 128
B_E_ 16 256
B_F. 16 512
B_G. 32 128
B_H.- 32 256
B_I_ 32 512
B_J 64 128
BK. 64 256
B_L_ 64 512
B_M_ 1 4096
B_N_ 2 2048
B_O. 4 1024

DualPorttype | width (bits) | size
DP_1 32 256
DP-2 64 256

Figure 5. Streams-C Bloc k RAM Types

Single Port Block RAM Memory . i
Available Sizes SP RAM

8 bitx 128 16 bit x 128 32 bitx 128 64 bit x 128
8 bitx 256 16 bit x 256 32 bitx 256 64 bit x 256
8 bitx512 16 bitx 512 32 bitx 512 64 bit x 512

1 bit x 4096
2 bit x 2048
4 bit x 1024

Figure 6. Streams-C Bloc k RAM Memory Interface
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5.2. VHDL simulation

e GenentetheXilinx Core Libraries

Prior to compiling for Modelsimthe Xilinx core library mustbe generatedising Xilinx Core Gen4.1i tool. How
do | compile Xilinx CoreLibrarieson Modelsim? Go to the Xilinx website,TechnicalAnswerDatabase8066and
TechnicalAnswerDatabase2561

http://support.xilinx.com/xInx/xilansdisplayjsp?iLanguagelD=1&iCountrylD=1&getgeRth=8066
http://support.xilinx.com/xInx/xilansdisplayjsp?iLanguagelD=1&iCountrylD=1&getgeRth=2561

Readthesetwo Xilinx TechincalAnswerscarefully. Briefly, the compilationinvolvessettingthe correctpathsto the
library, settingsomeervironmentvariablesand compiling a vcom.dofile. The compilationgenerateshe behaioral
modelsfor the Xilinx Coresusedwith the Modelsimsimulator The /streamsc/vhdlib/sc xilinx/ directoryincludes
thevcom.dofile neededo generatahelibraries.Be sureyou areusingXilinx CoreGen4.1i.

Note: If youarecurrentlya Xilinx technologyuser pleasecontacthe authorfor the pre-compiledXilinx corelibraries
andthestreamsc/vhdlib/sc_xilinx/ directorythatcontainsthe hardwarelibrary cores.
e Setlibrary andProjectPaths

Oncethe corelibraries are compiled, edit the mti_vcom.dofile to setpathsto the Xilinx Corelibraries, Annapolis
hardwarelibraries,Streams-Chardwarelibrary, andyour projectdirectory Make sureyou have the AnnapolisBoard
VHDL modelsinstalledin alocal directory.

setMODEL_TECH "D:/ProgramFiles/modeltech”

setANNAPOLIS_BASE "D:/Annapolis”

setPROJECT.BASE "F:/Firebird/strm/project”

setSC LIBRARY _BASE "F:/streamsc/vhdlib”

—Xilinx Logiblox supportfor RAM blocks

vmapxilinxcorelib "d:/xilinx/vhdl/src/XilinxCoreLib/xilinxcorelib”

Placethe Xilinx .mif fileslocatedin streamsc/vhdlib/sc_xilinx/sim in your PROJECT.BASE directory



o EdityourProjectfilename
vcom-93 -explicit -work PEQLib $PROJECTBASE/filenameall.vhd
vcom-93 -explicit -work PEQLib $PROJECTBASE/filenamearch.vhd

e CreateyourHostVHDL program

Thereare someexamplehost programsand systemconfigurationfiles in streamsc/apps/appame/sim. Thesewill
shav how to simulateawrite/readto/from streamssignals parametersxternalmemoryandblock ramfor Modelsim
PE. Constructa hostprogramnamed,hostfilenamearch.vhd,and edit the mti_vcom.dofile line to includeit in the
simulation.

Edit the systemcfg.vhdfile to includethe properhostarchitecture Streams-Garchitectureconfigurationandexternal
memorymodels.

vcom-93 -explicit -work system$PROJECTBASE/hostfilenamearch.vhd
vcom-93 -explicit -work system$PROJECT.BASE/systemcfg.vhd

e Compile- Annapolisboard libraries, Steams-Chardwatre libraries and Steams-Cgenematedprojectfiles
mti_vcom.do

Note: Thefollowing Warningsoccurduring modelsimcompilationbecausehe behavioal coresare not boundto the
componenuntil thedesignis loadedin the next step.

#WARNINGJ1]: F:/Firebird/vhdllib/fifo16.vhd(110):No default bindingfor component’distram16x1”.(No entity named'distram16x1"wasfound)
#WARNING[1]: F:/Firebird/vhdllib/fifo16.vhd(110):No default bindingfor component’distram16x2”.(No entity named'distram16x2"wasfound)

etc...

¢ Loadsystentonfiguation

Onceyour projecthascompiled,go to the ModelSim Systeniibrary andload systemcfg, the top level configuration
module.

Note: The Annapolislibrariesonly needto be compliledoncefor eachprojectdirectory, soaftera successfutompile
commentuttheline #do $FIREBIRD_PCI.BASE/vhdl/systemvcom.do

5.3. VHDL synthesis

e Setervironmentvariablesandedit projectfilenames

The VHDL synthesigool usedwith Streams-Os Synplify 7.0. The vhdl_lib/sc_xilinx/syn directoryhasa synthesis
projectfile, pe0.prj,which setsall thedefaultsneededor the synthesigool. Edit thelocationof thepathsin the pe0.prj
file andeditthe namesof your projectfiles

—ervironmentvariables

setPROJECT.BASE "F:/firebird/strm/project”
setANNAPOLIS_BASE "D:annapolis”

setSC2LIB _BASE "F:/streamsc/vhdlib”

—projectfiles

addfile -vhdl -lib PEQLIib "$PROJECTBASE/filenameall.vhd”
addfile -vhdl -lib PEQLib "$PROJECTBASE/filenamearch.vhd”

o SetClock frequency
Setthe Clock frequeng optionto a desireddesignspeed.
setoption-frequeny 66.000

¢ RunthepeO.prjprojectin Synplifyto geneatea pe0.edfile



5.4. Hardware bit stream generation

e Copyyour pe0.edfile to $PROJECTBASE/pnrdirectory
where$PROJECTBASE is thelocationof your projectfiles.

e Setpathfor AnnapolisVHDL models.

The/streamsc/vhdlib/sc_xilinx/pnr directorycontainsa makefile file. Edit this makefile to setthe pathfor thelocation
of the AnnapolisVHDL models.

setANNAPOLIS_BASE "D:/Annapolis”

e PlaceandRoutethedesign
Placethe Xilinx .ednfileslocatedin streamsc/vhdlib/sc_xilinx/pnr in your PROJECTBASE directory
Openacygwin bashshell,andcd to your projectdirectorythentype,”"$ANN APOLIS_ BASE/shared/bin/madpe0.ha

whereSANNAPOLIS_BASE is the location of the AnnapolisVHDL models. This commandcreateghe bit stream
- placesandroutesthe hardware design. This stepwill take quite a bit of time dependingon the size of the project.
Decreasdéhe M_CLK userconstraintsf fasterroutingtime is desired. The userconstraintdile for placeandroute,
$ANNAPOLIS_BASE/firebird pci/template/syn/pe0/pefiming.ucfsetsthe defaultsasfollows:

M_CLK 10ns
K_CLK 15ns

e Corvertpe0.ha to pe0.x86

Oncethe pe0.he file hasbeengeneratedtype "D:/Annapolis/shared/bin/peutilse0.he andchooseoption 0) x86, to
corvertthe pe0.he file into the correctformat. You have createda pe0.x86binaryfile, the hardwarebit stream.Use
this bit streamwith the sim_rt simulationto runthe applicationon the hardware.

The pe0.parog files from Xilinx reportsthe maximumfrequeny achieved during placeandroute. The usershould
setSCMCLK, the desiredfrequeng for runningthe bit streamon hardware, by settingdefinesin the filename.sc
program:

Il SOFTWARE_INCLUDE
#defineSC_.MCLK 50.0
I/l SOFTWARE_INCLUDE_END

If the definesabove are not setby the user the defaults for SCMCLK and SCUCLK are setto 20 MHz by the
preprocessorThe Streams-Chardwarecomponentsisethe SCMCLK for the userdesignspeed.The SCKCLK for
theLAD Busspeeds setto 66 MHz by thesimLrt libraries. SC.UCLK is not currentlybeingused.

6. Hardware I mplementation Notes

e Be sureto checkthe versionof the simulation, synthesisand place and route tools you are using with Streams-C.
Streams-Qvastestedanddevelopedwith thefollowing CAD tools:

ModelsimPE5.5e—VHDL simulation

Xilinx CoreGen4.1i—Xilinx behaiour modelsandcoresfor VHDL simulationandplaceandroute
Xilinx 4.1.03iTools—hit stream pe0.x86file generation

Synplify 7.0—netlist, pe0.edfiile generation

AnnapolisVHDL version3.2-simulation,synthesisandplaceandroute

AnnapolishostAPI, version5.0.0—-thesim.rt libraries

Note: Besureto ched thelod filesafter placeandrouteto determingheactualspeedat which your designwasrouted.
Thisvalueneeddo be enteedin thefilenamescfile asdescribedn section5.4.
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7. Examples

The programstrm2.schastwo software processesindtwo hardware processesThe first software processhostl,with
run function hostlrun opensan output streamand writes a sequencef integersto the stream. The boundon the loop
(“iterations”) is setby theinput argumentto the programinvocation(eg. the invocation“strm2_sim 400" causes sequence
of integersfrom 0 to 399to be written to the outputstream).

The streamsentby hostlgoesto a hardware processcontrollerwith run function controllerrun. This processsimply
forwardsthe streamo thenext hardwareprocesspeQproc.run. peQprocrun hastwo phasesFirstit copiesits inputstream
to memory Note: a pragmastatements not givenfor memory therefore, the defaultis external 64-bit memory memoO.
Whenthe whole streamhasbeenreadinto memory it readsbackthe datain reverseorderandwritesto its outputstream.
Thefinal software processhost2,usingrun function host2run, readsthe streamfrom peQproc.run andprints out the data
recevvedfrom the stream.

The two hardwareprocesseare generatedy the sc2 compilerandplacedin the strm2all.vhd file. The hardwarepro-
cessescontrollerrun, andpeQproc.run areconnectedhroughthe Hardware Streamd_ibrary componentso the Annapolis
boardmodelsin orderto facilitatethe hardwareinterfaceto the Firebirdboard. The strm2 arch.vhdfile representeéh figure
8 containghis “systemconnectvity”.

Thestreamsc/vhdlib directorycontainsall of the Streams-Ghardwarelibrary componentsSeesection3.2for adescrip-
tion of the hardwarelibrary components.

8. Retarget Hardware Notes

Thisstrm2all.vhdfile is designedo be“stand-alone’andcanberetagetedo adifferentusersystem.Thearchitecturdile
andthe associate®treams-Chardwarelibrary modulesfor streamssignals,parameterandmemoryneedto be redesigned
for theusersystem.The Streams-Gnemorytypesin the streamsc/apps/arch/Firebird.defd Firebird mem.deffiles needto
be modifiedaswell.

The processdeclarationsand connectscan reflect multiple FPGAs via the naming corvention, PEO, PE1, etc. in the
PE.deffile.



9. Hardware-Limitations

CLB RAMs arenotimplementedn the Streams-Chardwarelibraries.

Do not useexternal memoryin an array of hardware processes.The Streams-Omodel doesnot arbitrateexternal
memoryaccessetweenmultiple harevare processesChooselocal memorysucha block ram or CLB ram. Local
memoryis notimplementectorrectlyfor arraysof processem the _arch.vhdfile. (i.e. the _arch.vhdwould needto be
manuallyfixedto declareanarrayof memoriesn the VHDL andto correctthe port mapbetweerthe processandits
correspondingnemory)

Do not usethe sameexternalmemory(i.e. mem0) in multiple hardware processesThe Streams-Gnodeldoesnot
arbitrateexternalmemoryaccesdetweemmultiple haravareprocesses.

10. Stylelssues

10.1.

Optimization Hints

Usefunctionssc bit_insert()andsc bit_extract() insteadof the shift left or shift right (" <<” or”>>") operators.
Pointersarenot permitted.Indirectreferencanustbe accomplishedhrougharrayreference.

If mostof the 160blocksof block RAMs areusedfor amemoryintensive application the overalltiming of thedesign
may decreaseThe placeandroutetool routestheseblocksautomaticallyandtiming could be affected.

. Simulation vs. Synthesis

Occasionallyit is usefulto write the codein oneway for simulationandslightly differentfor synthesis.The IF_SIM
macrois providedfor this purpose.

We have foundthat C compilerbugssometimesausdargelocally allocatedarraysto getcorrupted.Thusto circum-
ventthebug in simulation thearrayis globally allocatedduringsimulationandlocally allocatedfor synthesis.

The usermay set SC MCLK, the desiredfrequeng for runningthe bit stream,by usinga softwareincludein the
filename.sq@rogram. A defaultis setto 20 MHz by the preprocessoif nothingis defined. The Streams-Chardware
componentsisethe SCMCLK for theuserdesignspeedthe SCKCLK for the LAD Busspeeds setto 66 MHz by
thesimLrt libraries. SC.UCLK is not currentlybeingused.

Consideryour applicationusageof streamsand designspeedssues.The LAD busrunsat 66 MHz on the Firebird
board,so heary demandson streamamay resultin slower overall systemspeed. Exampleapps/ppflyields a much
fasterrun-timethanapps/ppf.

Multiplication andcastinghave beentested.Seethe sc2refelencemanualsection4.0 for examples.

The sc2compilercanpipelineblocksthatcontaincontrolflow statements,e. if-else statements.

The sc2compilercanpipelinetheinnermostloop of anestedoop. Seeexample/streamsc/appsétfold/totalfold.sc
Do not placeanscwait() call within a pipelinedloop.

If anumericvalueis postedwith sc_post(),the valuemustbe castto the sametype asthe outputsignal.

Streamsandsignalsusingall Streams-Qlatatypescanbe used.Datatypeslargerthan64 bits arenotimplementedn
thesynthesisun-timelibrary andarenot supportedor software-to-hardwreconnection®onthe AMS Firebirdboard.

The useof block ramsin your userhardware processesnay causeslower placeand route designspeedsiueto the
automatigplacementvith the Xilinx tools. Floorplanningmay be usefulfor designswith heary useof block rams.

Unpipelinedoopshave notbeenexhaustiely tested.



